This study aimed to quantify the effects of contrasting composted methods of solid cattle manure (SCM) on dry matter (DM) yield and crop apparent N recovery (ANR) following manure application to maize land. Fresh SCM was stored as stockpiled, roofed, covered and composted heaps. After storage, the manures were incorporated in a sandy soil, and maize ANR both as a proportion of field applied N (ANR F ) and collected N from the barn (ANR B ), and DM yield was established at three successive growth stages: end of juvenile phase, start of grain filling, and physiological maturity.
Introduction
Solid cattle manure provides a valuable source of nitrogen (N) for plant nutrition, but may cause agroenvironmental problems if its utilization is inefficient due to poor management (Schröder 2005; Scotti et al. 2015; Shah et al. 2016) . After excretion in barns, solid cattle manure is either directly applied to the field or stockpiled and/or composted in the open air for a certain period of time prior to field application. When uncovered, the stored manure is subjected to ambient environmental conditions (i.e. rainfall, temperature, wind, and radiation), which influence gaseous emissions and leaching of N from the heaps (Kirchmann 1985; Pardo et al. 2015) . These losses may not only contribute to environmental pollution but also reduce the N fertiliser value of the manure. Turning of the manure heap during composting exposes the inner fresh material to microbial colonisation which increases the manure decomposition rate and hence the temperature inside the heap. Additionally, the inner voids of the heap are exposed to the air, which will boost gaseous emissions (Amon et al. 2001; Parkinson et al. 2004; Sagoo et al. 2007; Hassouna et al. 2008) . Some farmers stockpile solid cattle manure in a roofed building with the aim to protect it against precipitation and therefore to reduce especially leaching losses (Mosquera et al. 2006) , however, this is not a common practice. All these storage methods result in substantial loss of N up to about 50% of the initial N content from the heaps (Shah et al. 2012b) . Ndegwa et al. 2008; Shah et al. 2013; Pardo et al. 2015) . However, all these storage conditions not only affect the level of N losses but also determine the characteristics of the end product, which can be decisive for subsequent N release for crop uptake after manure application (Kirchmann 1985; Shah et al. 2012b; Rashid et al. 2013) . Covered storage creates anaerobic conditions which transforms high molecular weight compounds (e.g. plant fibre, microbial and metabolic proteins) into easily degradable and low molecular weight compounds such as fatty acids and therefore increases the ammonium-N (NH 4 + -N) content of manure (Kirchmann and Witter 1989) . The organic matter decomposed under this method comprises mainly of cellulose, hemicellulose and soluble compounds. Under aerobic conditions, a large part of the manure NH 4 + -N can be lost via NH 3 volatilisation or transformed into organic N. In addition, humified organic material of high stability with a low C/N ratio is produced (Kirchmann 1985) . Consequently, microbial decomposition and N release from these stored manures might affect their N fertilizer value. Thus, we believe that it is indispensable to take also into account the downstream impacts of the storage methods i.e. on crop yield and N recovery after land application in order to improve on-farm N cycling within the livestockmanure-soil-crop continuum.
After soil application, part of the inorganic N is immobilized by microbes, fixed by clay and/or adsorbed on negatively charged surfaces. This immobilized and retained N as well as the organic N fraction of applied manure has to be first mineralized or desorbed before it is available for plant uptake. All these N transformations are rather complex and controlled by manure type, their characteristics, and storage conditions (Kirchmann 1985; Thomsen and Olesen 2001; Shah et al. 2012a, b; Shah et al. 2016) . It has shown in earlier studies that relatively greater amount of N can end up in plants from covered/anaerobically-stored as compared to the composted/aerobically-stored manures Maize nitrogen recovery and dry matter production (Kirchmann 1985; Thomsen 2001, Thomsen and Olesen 2000; Takahashi et al. 2004; Shah et al. 2012a Shah et al. , 2016 . Of these studies evaluating DM yield and N recovery from stored manures, mostly focused on sheep manure (Thomsen 2001; Thomsen and Olesen 2000) , poultry manure (Takahashi et al. 2004 ) and cattle manure on grasslands (Shah et al. 2012a) , whereas only a little is known when stored cattle manures are applied to arable land (Shah et al. 2016) . Due to lack of this information the farmers mix their animal manures in the soil just before sowing and use abundant chemical fertilizer to ensure maximum production. This over fertilization not only increases the cost of production but also contribute to the environmental pollution.
Thus both from economic and environmental point of view, it is a crucial to estimate crop DM yield and N recovery from stored cattle manures during a growing season in order to optimize the doze of N fertilizer for sustainable crop production.
The objectives of this study were therefore to quantify the effects of contrasting storage methods of solid cattle manure on DM yield and apparent N recovery from both field applied N (ANR F ) and N collected from the barn (ANR B ), after application to maize land.
Materials and Methods

Description of the experimental site
The study was carried out at the Organic Experimental and Training Farm Droevendaal, located 1 km north of the city of Wageningen, the Netherlands (latitude 55°99'N and longitude 5°66'E). The climate is temperate maritime with average summer and winter temperatures of about1 9 °C and 2 °C, respectively. The mean annual rainfall is 765 mm with a relatively high inter-annual variability. Experimental field on the farm was not cultivated over the last 3 years and was covered with ryegrass. The soil (pH 5.23, C/N 18) was sandy (80% particles 50 to 2,000 µm and 4% particles <2 µm) and contained 1.1 g/kg N, 3.5% organic matter 80 mg/kg K, and 4.7 mg/kg P. being equal to the ignition losses. Total C was assumed to be 50% of the OM (Pettygrove et al. 2009) . Total N losses from each heap during the storage period was determined by the mass balance method. . In each plot, there were 6 rows of maize plants with a row spacing of 75 cm.
Manure storage treatments and total nitrogen losses
The experimental area was weeded manually during vegetative growth period of maize.
In order to study the dynamics of N uptake and appar- logical maturity). These growth stages were based on Gungula et al. (2003) . During the first two harvests, Where TN barn is total amount of manure N taken from the barn (kg), TNloss storage is total N lost during storage (kg) and ANR F is maize apparent N recovery in the field (%).
Maize composition
The dried maize samples were ground with a ball-mill (Retsch, Germany) and subsequently extracted in 5 ml of 80% ethanol for 20 minutes at 80 °C. The supernatant was discharged, the residues were centrifuged and the obtained pellets were washed three times with 
Statistical analysis
Total N losses from the heaps during storage, and maize DM yield, N uptake and ANR data after manure application in the arable field were statistically
If the overall main effects were significant, differences among the treatments were further compared using
Fisher's protected least significant difference (LSD) test at 5% probability level. The differences in starch, cellulose, hemicellulose and lignin yields at various maturity stages of maize were also statistically tested as described above.
Results and Discussion
N losses during storage of SCM
Mass balances during the manure storage phase revealed that highest total N losses occurred in the composted heaps and lowest in the covered heaps ( Figure   1 , P < 0.05). On average, about 6% of the initial N total was lost from the covered heaps whereas this fraction was 12% from the roofed, 21% from the stockpiled, and 33% from the composted heaps (Figure 1 ). These higher N losses from the stockpiled and composted heaps as compared to the others can be associated with a higher degree of aerobic decomposition stimulated by diffusion of air into these heaps due to (1) the presence of straw in both heaps and (2) regular turning of the composted heap (Parkinson et al. 2004) . In case of the composted heaps, turning increased air exchange through the materials and stimulated aerobic decomposition processes which will stimulate the process of NH 3 emission (Amon et al. 2001; Parkinson et al. 2004) . Covered storage reduced these N losses by about a factor five relative to composted
heap. This could be ascribed to blockage of air circulation through the heaps which minimize aerial losses and creates near-anaerobic conditions (Kirchmann 1985; Hansen et al. 2006) . Further, the formation of nitrate and nitrite is restricted under anaerobic conditions and thereby also the occurrence of denitrification losses (Kirchmann 1985) . Consequently, mineral N content in covered manure was greatly increased at the end of the storage period (Table 1) 
Crop dry matter yield and N recovery
Maize DM yield, ANR F and ANR B are presented in Table 2 . The DM yield increased (P < 0.05) with the manure application as compared to the unfertilized control (Table 2) . Among the manure types, it was the highest in case of covered and the lowest from at grain filling stage, respectively; Table 2 ). Interestingly, despite an observed 6% loss of the initial total N during the covered storage, ANR F from covered manure was higher than from fresh manure taken directly from the barn (i.e. ANR B = 37 vs. 27 at grain filling stage, respectively; Table 2 ). This clearly indicates that a significant fraction of the initial organic N of covered manure was mineralised during storage phase. Consequently, total mineral N increased by 41% after covered storage with respect to fresh manure and thereby increased the N fertiliser value of this currently underutilised manure storage practice.
Interestingly, the apparent N ended up in above ground biomass varied among the maize growth stages as observed at each harvesting event (Table   2 ). Maize ANR F appeared to be highest at the start of grain filling (20, 29, 31 , and 39% of the applied N for composted, stockpiled, roofed and covered treatments, respectively; were decreased at physiological maturity with respect to the start of grain filling (Table 2) . Moreover, only small differences were found in final starch yield between all manure treatments at physiological maturity (Figures 2bc, Table 3a ). The aboveground DM mass increased during the period of grain filling stage in case of zero, fresh, roofed and composted treatments, but decreased in case of covered treatment and remained unchanged in the stockpiled treatment ( Figure   2ad ). This can be attributed to the higher availability and crop uptake of N in the covered treatment that had probably enhanced the leaf area of maize, which resulted in a higher DM yield as compared to the other manure storage treatments at the start of grain filling stage (Table 2) . Nevertheless, this later has created shading of the bottom leaves in the canopy. Due to shading effects, faster senescence of the bottom leaves occurred. This has resulted in NDF and N losses during grain filling phase (Figure 2ab) . Consequently, the calculated maize ANR at physiological maturity was lower than at the start of grain filling (Table 2) .
During the grain filling phase, starch accumulation in the cob is mainly reliant on export of assimilates from the source leaves (Prioul and Schwebel-Dugué 1992) .
Since this process largely depends on the presence of sufficient photosynthetically active (green) leaves in the top of the canopy and the sink strength of the cob, the differences in N availability between the treatments had only marginal effects on final starch yield at physiological maturity (Figure 2bc ). 
